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57 ABSTRACT 
A method of manufacturing an integrated magnetic 
head unit includes providing a substrate which supports 
a plurality of electromagnetic transducing elements 
connected to bonding pads. The transducing elements 
are then covered by a silicon plate which is arranged in 
good thermally-conducting relationship with the trans 
ducing elements and with a housing. 

4 Claims, 8 Drawing Figures 
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1. 

METHOD OF MANUFACTURING A MAGNETC 
HEAD UNIT 

This is a division of application Ser. No. 200,820, filed 
Oct. 27, 1980. 
The invention relates to an integrated magnetic head 

construction or unit having a number of spatially sepa 
rated electromagnetic transducing elements and having 
a place for magnetic flux coupling of the transducing 
elements with a magnetic recording medium. The con 
struction includes a layerwise formed pattern of electric 
conductors arranged on a common substrate of non 
electrically conductive material provided in a housing, 
said pattern defining a number of inductive and/or mag 
netoresistive transmission elements which are each con 
nected to bonding pads by at least two connection con 
ductors, and includes a number of discrete magnetic 
layers, each of the transmission elements cooperating 
with a discrete magnetic layer to define one of the trans 
ducing elements, the transducing elements being sand 
wiched between the substrate and a cover plate of non 
magnetic, non-electrically conductive material. 
Such an integrated magnetic head construction is 

known from U.S. Pat. No. 3,846,841. That patent de 
scribes in particular an integrated magnetic head system 
including substrate of glass or aluminium oxide and 
including a cover plate (with the same surface as the 
substrate) likewise of glass or aluminium oxide to pro 
tect the heads against mechanical detrition. 
Such magnetic head constructions are suitable for 

recording and reading information stored on a magnetic 
layer. They are useful for industrial application such as 
for information processing devices with disks, drums or 
magnetic tapes, and for less specialized applications 
such as reel-to-reel and cassette recorders. Especially 
for those kinds of applications where the heads are in 
contact with the record carrier during operation, the 
known head construction comprises a cover plate 
which ensures resistance of the construction against 
mechanical detrition. The cover plate is connected on 
the surfaces of the filling material in which the trans 
ducing elements are embedded and of flat conductors 
which are soldered on the bonding pads. Both due to 
this way of connecting (separated from the transducing 
elements by the filling layer) and by the choice of the 
material (glass or aluminium oxide), the dissipation of 
the heat evolved in the transducing elements particu 
larly during recording is not entirely satisfactory. As a 
result, the temperature of the transducing elements 
during operation becomes too high which results in the 
deterioration of the magnetic properties of the magnetic 
layers and also results in the electrical conductors being 
interrupted or shortcircuited (fused) so that only small 
currents can be used. 

SUMMARY OF THE INVENTION 

It is the object of the invention to increase the current 
usable in operating an integrated magnetic head con 
struction while maintaning its resistance against me 
chanical detrition. 
The integrated magnetic head construction accord 

ing to the invention is characterized in that the cover 
plate is manufactured from a semiconductor material 
and that the plate is arranged in a good thermally-con 
ducting relationship with both the transducing element 
and the housing. Particularly silicon has the combina 
tion of a coefficient of thermal conductivity (1.5X 10-2 
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2 
W/m'K. against, for example, Al2O3: 0.3X 10-2 
W/m'K. and a SiO2; 0.08X 10-2 W/m'K.) and resis 
tance to detrition (notably higher than that of metals 
having a comparable coefficient of thermal conductiv 
ity, for example Au: 3 x 10-2W/m'K.) which is unique 
for the purpose of the invention. The present construc 
tion in which the silicon cover plate is in good thermal 
ly-conducting relationship with the transducing ele 
ment and with the housing ensures that the silicon cover 
plate actually fulfills its heat dissipating function pro 
vided by the invention. In the integrated head disclosed 
in U.S. Pat. No. 3,846,841, the cover plate, as a result of 
both the material from which it is manufactured and the 
manner in which it is provided, cannot fulfill a heat 
exchanging function. In the head known from J. P. 
Patent Application Kokai No. 52-145019, while the 
current-carrying element is embedded between two 
thin semiconductor layers which aid the dissipation of 
heat generated in said element, no provision is made for 
a further dissipation of the heat from the semiconductor 
layers to the outside, in this case to the housing. 
According to a preferred embodiment of the inven 

tion, the dimensions of the cover plate are chosen to 
leave the bonding pads exposed, after providing the 
cover plate so that it remains connect (flexible) connec 
tion conductors to the pads. For this purpose, the so 
called wire bond process which uses thermocompres 
sion methods whether or not in combination with ultra 
sonic vibrations is suitable. 
A cover plate formed of silicon is also very practical 

in the case of series production. Since silicon is easily 
etched, rows of parallel grooves can simply be provided 
therein which become located above the bonding pads 
when connecting a unitary cover plate to a substrate 
provided with a plurality of transducing elements ar 
ranged in parallel rows. 
An adhesive to be drawn by capillarity between the 

transducing elements and the unitary cover plate cannot 
cover the bonding pads due to the presence of the 
grooves above the latter. By grinding away the material 
above the grooves it can be ensured that, after adhesion 
has been effected, the bonding pads are exposed for the 
connection thereto of connection conductors. 

It has been usual to use thin wafer substrates, for 
example, silicon wafers having a thickness of 0.5 mm. 
Within the scope of the invention, such a thin substrate 
may itself be glued to a thicker supporting plate of 
silicon (thickness of a few mm). 
According to a further preferred embodiment of the 

invention, the substrate itself is formed by a block of 
silicon having a thickness which corresponds to that of 
the cover plate. The use of a thick silicon wafer as a 
substrate (or as a supporting plate for a substrate) has 
for its advantage that a better defined straight edge can 
be provided on a thick wafer (by sawing or grinding) 
than on a thin wafer. A well defined edge is of great 
importance for the front face because the transducing 
elements are in magnetic flux coupling with a magnetic 
recording medium through the face ultimately formed. 
The invention also relates to a method of manufactur 

ing an integrated magnetic head construction unit as 
hereinbefore described. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be described, by way of example, 
with reference to the drawing, in which: 
FIG. 1 is a side sectional view of an integrated mag 

netic head construction during its manufacture; 
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FIGS. 2 and 3 are two similar sectional views show 
ing the formation of magnetic head constructions in 
accordance with the invention. 
FIG. 4 is a sectional view taken along a plane perpen 

dicular to that of FIGS. 1-3 and relates to an elemen 
tary construction having several transducing elements 
which are supported by the same substrate; 
FIG. 5 is a perspective view of an integrated mag 

netic head construction in accordance with the inven 
tion during a stage of the manufacture; 
FIG. 6 is a diagrammatic view of a transducing ele 

ment as used in the construction shown in FIG. 5; 
FIG. 7 is a side sectional view through a transducing 

element of the magnetoresistive type, and 
FIG. 8 is a side sectional view of an integrated mag 

netic head construction as shown in FIG. 3 after being 
accommodated in a housing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the figures and FIG. 1 in particular, 
there is shown a construction having a magnetic head or 
transducing element 2 including thin layers provided 
one on top of the other on a substrate 1 of detrition 
resistant, non-electrically conductive material for 
which silicon is very suitable. This construction has a 
pair of layers 8, 9 of magnetizable material, usually a 
Ni20Fe30 alloy, whose airgap ends are separated by an 
insulating layer 10. For illustration, there is shown be 
tween these layers 8, 9 a transmission element in the 
form of a suitably insulated multi-layer spiral-like wind 
ing whose output connections extend towards the rear 3 
for connection to conductors 5 (FIGS. 2, 3) by means of 
a bonding method as indicated at the part 4. 

During its formation, the head 2 is not covered and in 
order to ensure its protection against corrosive influ 
ences and mechanical detrition, a "primary' protection 
layer 6 of insulation material is provided. This layer 
may, for example, be sputtered silicon which also 
readily fills the cavities between the heads (see FIG. 4). 
Other possibilities are sputtered glass and vapor depos 
ited aluminium oxide. The primary protection material 
6 leaves the rear part of the conductors 3 exposed where 
these terminate into thicker "flaps' 4 of, for example, 10 
microns with a thickness of the head 2 of 50 microns in 
the case in which this comprises a ten-turn-spiral. It is 
shown in FIG. 1 that the layer 6 was initially provided 
with a thickness exceeding that proposed in the con 
struction after connection of a cover plate 7 (FIG. 2). 

It is thus necessary to reduce this thickness to the 
required value, for example, by grinding the material of 
the layer 6 down to the level 12. The object of this 
arrangement can be understood by considering the sec 
tional view of FIG. 4 which is taken along a plane 
perpendicular to the sectional plane of FIGS. 2 and 3. In 
FIG. 4 the material of the protection layer 6 fills sub 
stantially the whole space between the substrate 1 and 
the cover plate 7. The cover plate 7 which, according to 
the invention, consists of silicon may be secured to the 
layer 6 by means of a thin layer of adhesive (1 to 2 
microns thick). When the layer 6 consists of sputtered 
silicon, the oppositely located surfaces of the cover 
plate 7 and the layer 6, however, may also be adhered 
together advantageously by means of a diffusion bond 
ing which requires that a metallic layer (for example 
gold) be first provided on at least one of said surfaces. 

FIG. 3 shows that the cover plate 7 may also be 
adhered directly to the head 2 by means of adhesive 
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4. 
forming the protective layer 6. In this case, the adhesive 
has been drawn between cover plate 7 and head 2 by 
capillary action. This latter method is particularly suit 
able when the head 2 is thin, for example, when the 
transmission element consists of one turn or of a mag 
netoresistive strip. In these cases, the thickness of the 
head 2 is not more than a few microns and the adhesive 
can then easily fill the cavities between adjacent heads. 
The seam of adhesive itself has a thickness of not more 
than a few tenths of a micron. 

It is furthermore shown in FIGS. 2 and 3 that, after 
providing the cover plate, a part of the construction on 
the left of the sectional line 11 can be removed by means 
of a sawing operation, if desired, succeeded by a grind 
ing operation. In this manner, the depth of the gap, i.e. 
the distance over which the magnetizable layers 8, 9 
overlap each other on the left-hand side of the construc 
tion, can be adjusted at a uniform value for a large 
number of heads simultaneously (compare FIG. 4). The 
cover plate enables so-called "covered' sawing. As a 
result, the saw-cut can be provided close to the ulti 
mately desired front face of the heads without crum 
bling-away being feared. The closer the saw-cut is situ 
ated near the ultimate front face, the shorter need be the 
time necessary after sawing to polish the front face. 

It will now be explained with reference to FIG. 5 
what special role the cover plate plays in the method 
according to the invention. 
Rows 13, 13' etc. of electromagnetic transducing 

elements are provided on a substrate 12, preferably a 
slice of silicon of a few mm (for example 2 mm) thick 
ness. A cover plate 14 of silicon is pressed on and covers 
the transducing elements. Plate 14 also has a thickness 
of a few mm and includes grooves 15 which are each 
situated exactly above a row of bonding pads 16. The 
grooves 15 extend in a direction transverse of the bond 
ing pads. An adhesive is now supplied which is drawn 
by capillarity between the plate 14 and the transducing 
eiements. The width of the groove 15 is such that the 
adhesive cannot cover the row of bonding pads 16. In 
order to facilitate the capillary action, the plate 14 may 
be provided with auxiliary grooves 17, 18 etc. The 
adhesive also fills the cavities between the individual 
transducing elements. The grooves 15, 17, 18, etc. can 
be obtained by means of an etching step wherein the 
grooves 15 are etched in the cover plate surface which 
faces the bonding pads. Silicon can be readily etched. 
When a conventional etchant is used, the etching rate is 
15 microns per minute. When electrochemical etching 
is used, the etching rate may even be 25 microns per 
minute. 

After cementing the plate 14, the construction is sev 
ered into strips such as by sawing along lines 19, 20 etc. 
Each strip comprises a row of transducing elements. 
Because the plate 14 leaves the outermost transducing 

elements of the rows 13, 13' exposed, these elements 
may be useful in aligning the saw. FIG. 6 shows dia 
grammatically by way of example a transducing ele 
ment 22 (in this case a writing head) which can easily be 
used for this alignment. The element 22 which com 
prises a single electric winding 23, connection conduc 
tors 24 and 25, bonding pads 26 and 27 and a discrete 
magnetizable shield 28, has on its front side a second 
winding 29 which is connected to two bonding pads 30 
and 31. The winding 29 together with the ferrite shield 
28 constitutes a so-called "counter' head with which 
the operation of element 22 can be measured by means 
of induction. The bonding pads 30 and 31 of the coun 
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ter-head are well visible and it is simple to provide a 
saw-cut 32 through it. The distance S of the saw-cut up 
to the ultimately desired head front face is only a few 
tenths microns. During the grinding process succeeding 
the sawing, electric grinding characteristics provided 
on the substrate are used. The resistance of the grinding 
characteristic is followed on a recorder until a desired 
resistance has been reached. The grinding accuracy can 
then be approximately 10 microns. 

After the construction has been sawn into strips, the 
rows of bonding pads should still be exposed so as to be 
able to connect the connection conductors. This expo 
sure can be done very simply by removing the material 
above the grooves 15, entirely or partly by sawing or 
milling, so that the parts of the plate 14 on the left of the 
removed material 33 become detached. 
After connecting the connection conductors, which 

may consist of flexible wires or of conductor tracks 
provided on a flexible foil, the resulting strips may be 
enveloped with synthetic resin, if desired, and the front 
faces may be provided with a desired profile. 
A large number of integrated magnetic head con 

structions consisting of strips with transducing elements 
of the type shown in FIG. 6 provided with cover plates 
have been tested for their usefulness. As a result of the 
use of the silicon cover plates, the heat dissipation of the 
transducing elements proved to be so good that, when a 
current of 1,500 mA was passed through the winding, 
the heads did not fuse whereas, without the use of a 
silicon cover plate (which was arranged in good ther 
moconductive contact with the transducing elements 
and the housing), the heads fused with a current of 200 
mA. Temperature measurements also showed that there 
was no accumulation of thermal energy in the transduc 
ing elements; the temperature difference between a 
transducing element and its surroundings was approxi 
mately 3 C. with a dissipation of 1.6 Watts, whereas in 
the same circumstances in a transducing element with 
out a silicon cover plate this difference was approxi 
mately 50 C. or more. 

It should be noted that ferrite may be used as a mate 
rial for the non-electrically conductive substrate. This 
simplifies the manufacture of the heads because a ferrite 
substrate also plays the role of the magnetizable layer 8 
(FIG.S. 1, 2 and 3) so that this need not be provided 
separately. See, for example, Great Britian Pat. No. 
1,307,886. Since ferrite is a poor heat conductor, (the 
coefficient of thermal conductivity is 6X 10-2 W/cm 
K.), the use of a silicon cover plate according to the 
invention, in case a ferrite subtrate is used, is particu 
larly important to prevent head damage due to the tem 
perature rising too high. 
The transducing element 22 shown in FG. 6, instead 

of being a head of the inductive type having a winding 
23, may also be a head of the magnetoresistive type, in 
which case 23 denotes a strip of magnetoresistive mate 
rial. FIG. 7 shows diagrammatically a side sectional 
view of such a magnetoresistive head. A substrate 33 
supports a layer of magnetizable material 34 which, at 
portion 39, is coupled magnetically to a discrete layer of 
magnetizable material which consists of two parts 35, 36 
and defines the track width, the so-called flux conduc 
tor. Between the parts 35, 36, there is a slot which is 
bridged magnetically by a magnetoresistive 37 whose 
connection conductors are not shown in the drawing. In 
this configuration also, a counter winding 38 compara 
ble to the counter winding 29 of FIG. 6 may be present. 
The part to the right of the line 40 is not present in the 
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6 
ultimate head. The combination of a (non-magnetizable, 
non-electrically conductive) substrate 33 with a layer of 
magnetizable material 34 may be replaced, if desired, by 
a substrate of ferrite. In the case of an integrated mag 
netic head construction having transducing elements of 
the magnetoresistive type, good heat dissipation by 
means of a cover plate 14 in FIG. 5 is important be 
cause, as a result of the frictional contact of such a 
construction with a record carrier, heat is produced 
which, if not dissipated uniformly, causes so-called 
temperature noise. In this case also, the use of a silicon 
cover plate in accordance with the invention is particu 
larly important when a ferrite substrate is used. 

It is highly important that the heat absorbed by the 
silicon cover plate be dissipated to the atmosphere. In 
order to ensure this, the assembly of substrate transduc 
ing element cover plate is preferably incorporated 
within a metal housing and arranged such that the cover 
plate is in thermal contact with a wall of the housing. 
This will be explained with reference to FIG.8 which is 
a side sectional view of a substrate 41 with one of the 
transducing elements 42 across which a cover plate 43 
formed by a block of silicon is provided. Transducing 
element 42 is connected to a bonding pad 44. Bonding 
pad 44 in turn is connected to a connection pin 46 via a 
flexible connection wire 45. Connection pin 46 is pro 
vided in the wall of a housing 47 which is preferably 
manufactured from a metal, for example, aluminium. A 
block 48 of brass provided between the wall of the 
housing 47 and the cover plate 43 ensures that the trans 
ducing gap 52 is situated in the centre of the whole 
construction. However, block 48 may also be omitted. 
The remaining space in the housing 47 is filled with a 
moulding mass 49. After having been in contact for 
more than 500 hours with a magnetic tape 50 moved at 
a speed of 4.75 cm/sec, the properties of the head 51 and 
in particular the dimensions of the transducing gap 52 
proved to be unchanged. 
What is claimed is: 
1. A method of manufacturing a magnetic head unit 

having a plurality of transducing elements arranged in a 
housing, comprising: 

providing a substrate having a plurality of transduc 
ing elements and associated bonding pads arranged 
in a row; 

covering the transducing elements with a silicon 
cover plate having a surface facing the transducing 
elements and also having a groove arranged 
through the surface so that the groove is disposed 
above the bonding pads, and further arranging the 
cover plate to be in a good thermally-conducting 
relationship with the transducing elements; 

removing material above the groove in the cover 
plate to expose the bonding pads; and 

arranging the resulting assembly in a housing such 
that the cover plate is in a good thermally-conduct 
ing relationship with the housing. 

2. A method as claimed in claim 1, comprising in 
addition the step of selecting the cover plate to have a 
size such that said covering step leaves at least one end 
transducing element of the row uncovered. 

3. A method of manufacturing a plurality of magnetic 
head units, each unit having a plurality of transducing 
elements arranged in a housing, comprising: 

providing a substrate having a multiplicity of trans 
ducing elements and associated bonding pads ar 
ranged in parallel rows, each row having a plural 
ity of the elements and pads; 
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covering the transducing elements with a silicon severing the resultant assembly into a plurality of 
cover plate having a surface facing the transducing strip-shaped magnetic head subsassemblies; and 
elements and also having a pattern of parallel arranging each subassembly in a housing such that the 
grooves arranged through the surface so that the cover plate is in a good thermally-conducting rela 
grooves are disposed above the bonding pads, and 5 tionship with the housing. 
further arranging the cover plate to be in a good 4. A method as claimed in claim 3, comprising in 
thermally-conducting relationship with the trans- addition the step of selecting the cover plate to have a 
ducing elements; size such that said covering step leaves at least one end 

removing material above the grooves in the cover transducing element of each row uncovered. 
plate to expose the bonding pads; 10 : at x x: 
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